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The Exobiology Program, within the Office of Space Science and
Applications of the National Aeronautics and Space Administration,
is an integrated program to investigate those processes that may
have been responsible for or related to the origin, evolution, and
distribution of life in the universe.

This report contains a listing of 1986 publications resulting
from research supported by the Exobiology Program. Our intent in
compiling this report is twofold: We want to provide the
scientific community with an annual publication listing (as we have
done since 1975) of current NASA-supported research in this field,
and we hope to stimulate the exchange of information and ideas
among scientists working in the different areas of the program.

Research supported by the Exobiclogy Program is explored in
the areas of Cosmic Evolution of Biogenic Compounds,
Prebiotic Evolution, Early Evolution of Life, and
Evolution of Advanced Life. Pre-mission and pre-project
activities supporting these areas are supported in the areas of
Solar System Exploration and Search for Extraterrestrial
Intelligence.

EACH ARFA IS DEFINED AS FOLLOWS:

COSMIC EVOLUTION OF BIOGENIC COMPOUNDS focuses on the
history of the biogenic elements (C,H,N,0,P,S) and their compounds
in the galaxy and the early solar system. This includes: (1)
tracing the physical and chemical pathways taken by the biogenic
elements and their compounds from their origins in stars to their
incorporation in the pre-planetary bodies; (2) determining the
kinds of measurements that can be made on the biogenic elements and
compounds in the galaxy and solar system and the prebiotic
evolution and origin of life; (3) determining the ways in which the
physical and chemical properties of the biogenic elements and
compounds may have influenced the course of events during the
formation of the solar system and the component bodies.

PREBIOTIC EVOLUTION involves research and analysis in two
major areas: (1) the consequences of planetary evolution on the
physical environments of the Earth and planets, and (2) the
evolution of molecules and molecular systems under the constraints
imposed by physical environment and the appearance, a posteriori,
of living systems on Earth. It also assesses the importance of the
physical-chemical processes associated with the dynamic development
of planetary surfaces.

EARLY EVOLUTION OF LIFE focuses on the nature of the most
primitive organisms, determining the environment in which they
evolved, and the way in which they influenced that environment.
Investigations are executed through the use of the molecular record
in 1living organisms and the geological record in rocks. These
records are used to determine when and in what setting life first
appeared; to determine the characteristics of the first successful



living organisms; to understand the phylogeny and physiology of
microorganisms that inhabit hydrothermal areas now thought to be
analogs of primitive environments; to determine the original nature
of biotic energy transduction, membrane function, and information
processing through study of extant microbes; and to elucidate the
physical, chemical, and biotic forces operating on microbial
evolution.

EVOLUTION OF ADVANCED LIFE examines the influence of
astrophysical, stellar and solar system events on the evolution of
advanced life on Earth. Research in this area also attempts to
develop a program plan for a paleontological data base; to
understand possible evolutionary pathways for advanced life; and to
investigate ancient atmospheres.

SOLAR SYSTEM EXPLORATION focuses on providing specific
information on the elemental and chemical composition, mainly in
respect to gases and volatiles, of the atmospheres and surfaces of
solar system bodies, including planets and their satellites,
comets, asteroids, meteorites, and dust in space. Improved
methods, instrumentation, and experiments will be developed for in
situ chemical analyses of the volatile species associated with the
bodies to be investigated.

SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI) involves
the search for extraterrestrial intelligent life by detecting
signals in the electromagnetic spectrum. Principal emphasis has
been on technology development for the microwave observing project.

This bibliography is divided into the six areas noted above.
Within each research area, references are listed alphabetically by
author. Authors who are principal investigators are identified by
an asterisk. In addition, current addresses for all Principal
Investigators are given in the Appendix.

We wish to thank all the participants in the Exobiology
Program for their cooperation in responding to our request for a
listing of their 1986 publications. We also wish to thank Janice
Susan Wallace for her editorial and technical assistance and John
Bourdeau and Janet Vaughn Powers for their technical assistance.

John D. Rummel
Exobiology Program Manager
December 1987
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ARONOWITZ, S.; SCATTERGOOD*, T.; FLORES, J.; CHANG*, S.
HOT HYDROGEN ATOM REACTIONS MODERATED BY H, AND He.

JOURNAL OF PHYSICAL CHEMISTRY
90: 1806-1811, 1986. (GWU 7204)

BUNCH*, T.E.; CHANG*, S.; CASSEN, P.; REYNOLDS, R.
ALLENDE: PROFILE OF PARENT BODY GROWTH.

LUNAR AND PLANETARY SCIENCE

XVli: 89-90, 1986. (GWU 7210)

CARR, R.H.; GIBSON*, E.K,, JR.; REITMEIJER, F.; GRADY, M.; WRIGHT, L.;

PILLINGER, C.

CHARACTERIZATION OF CARBONACEOUS MATERIAL IN INTERPLANETARY DUST PARTICLES.
METEORITICS

21: 344-345, 1986. (GWU 7653)

CHANG*, S.; BUNCH*, T.E.

CLAYS AND ORGANIC MATTER IN METEORITES.

IN: CLAY MINERALS AND THE ORIGIN OF LIFE (CAIRNS-SMITH, A.G., HARTMAN, H., EDS.).
CAMBRIDGE, ENGLAND: CAMBRIDGE UNIVERSITY PRESS, P. 116-129, 1986. (GWU 7223)

CRONIN*, J.R.; PIZZARELLO, S.

AMINO ACIDS OF THE MURCHISON METEORITE. Ill. SEVEN CARBON ACYCLIC PRIMARY
ALPHA-AMINO ALKANOIC ACIDS.

GEOCHIMICA ET COSMOCHIMICAACTA

50: 2419-2427, 1986. (GWU 7215)

DEFREES*, D.J.; MCLEAN, A.D.
AB INITIO DETERMINATION OF THE PROTON AFFINITIES OF SMALL NEUTRAL AND ANIONIC
MOLECULES.

JOURNAL OF COMPUTATIONAL CHEMISTRY
7(3): 321-333, 1986. (GWU 7218)

DEFREES*, D.J.; MCLEAN, A.D.

AB INITIO MOLECULAR ORBITAL STUDIES OF LOW-ENERGY, METASTABLE ISOMERS OF THE
UBIQUITOUS CYCLOPROPENYLIDENE.

ASTROPHYSICAL JOURNAL

308(1): L31-L35, 1986. (GWU 7219)

DEFREES*, D.J.; BINKLEY, J.S.; FRISCH, M.J.; MCLEAN, A.D
IS N-PROTONATED HYDROGEN ISOCYANIDE, HoNC*, AN OBSERVABLE INTERSTELLAR SPECIES?

JOURNAL OF CHEMICAL PHYSICS
85(9): 5194-5199, 1986. (GWU 7220)
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DEFREES*, D.J.; MCLEAN, A.D.

A PRIORI PREDICTIONS OF THE ROTATIONAL CONSTANTS FOR PROTONATED FORMALDEHYDE AND
PROTONATED METHANOL.

CHEMICAL PHYSICS LETTERS

131(4,5): 403-408, 1986. (GWU 7221)

DICKINSON, J.T.; JENSEN, L.C.; MCKAY, M.R.; FREUND, F.

(CHANG, S. = P.1.)

THE EMISSION OF ATOMS AND MOLECULES ACCOMPANYING FRACTURE OF SINGLE-CRYSTAL MgO.
JOURNAL OF VACUUM SCIENCE AND TECHNOLOGY

A4(3): 1648-1652, 1986. (GWU 7621)

FREUND, F.; CHANG*, S.; PINEAU, F.; KNOBEL, R.M.; STRUWE, F.
FORMATION OF ORGANIC COMPOUNDS AND CO, SEGREGATION OF CARBON

FROM MgO - KINETIC AND ISOTOPIC DATA.
ORIGINS OF LIFE
16(3-4): 289-290, 1986. (GWU 7235)

FREUND, F.; DICKINSON, J.T.; BECKER, C.H.; FREUND, M.M.; CHANG*, S.
ORGANIC MOLECULES RELEASED FROM OLIVINE BY IMPACT FRACTURE.
ORIGINS OF LIFE

16(3-4): 291-292, 1986. (GWU 7236)

FRIBERG, P.; IRVINE*, W.M.; MADDEN, S.C.; HJALMARSON, A.

STUDIES OF ORGANIC MOLECULES CONTAINING METHYL GROUPS IN DARK CLOUDS.

IN: ASTROCHEMISTRY (VARDYA, M.S.; TARAFDAR, S.P., EDS.).

DORDRECHT, HOLLAND: D. REIDEL PUBLISHING CO., P. 201-202, 1986. (GWU 7237)

GIBSON*, E.K., JR.; SOMMER, M.

LASER MICROPROBE STUDY OF COSMIC DUST (IDPs) AND POTENTIAL SOURCE MATERIALS.
LUNAR AND PLANETARY SCIENCE

XVIi: 260-261, 1986. (GWU 7655)

GIBSON*, E.K., JR.; SOMMER, M.

LASER MICROPROBE STUDY OF COSMIC DUST (IDPs). TRAJECTORY DETERMINATIONS AND
COLLECTION OF MICROMETEOROIDS ON THE SPACE STATION.

IN: LPI TECHNICAL REPORT 86-05, P. 56-57, 1986. (GWU 7656)

GOLDSMITH, P.F.; IRVINE*, W.M.; HJALMARSON, A.; ELLDER, J.

VARIATIONS IN THE HCN/HNC ABUNDANCE RATIO IN THE ORION MOLECULAR CLOUD.
ASTROPHYSICAL JOURNAL

310(1): 383-391, 1986. (GWU 7499)



IRVINE*, W.M.

THE CHEMISTRY OF COLD, DARK INTERSTELLAR CLOUDS.

IN: ASTROCHEMISTRY (VARDYA, M.S., TARAFDAR, S.P., EDS.).

DORDRECHT, HOLLAND: D. REIDEL PUBLISHING CO., P. 245-252, 1986. (GWU 7508)

JARROLD, M.F.; BOWERS, M.T.; DeFREES*, D.J.; MCLEAN, A.D;

HERBST, E.

A REANALYSIS OF THE HCO*/HOCt ABUNDANCE RATIO IN DENSE INTERSTELLAR CLOUDS.
ASTROPHYSICAL JOURNAL

303(1): 392-400, 1986. (GWU 7512)

MADDEN, S.C.; IRVINE*, W.M.; MATTHEWS, H.E.; BROWN, R.D.;
GODFREY, P.D.

AMMONIA MASERS DETECTED IN STAR FORMING REGIONS.

IN: MASERS, MOLECULES AND MASS OUTFLOWS IN STAR FORMING REGIONS
(HASCHICK, A.D., ED.).

CAMBRIDGE, MA: HAYSTACK OBSERVATORY, P. 289-298, 1986. (GWU 7545)

MADDEN, S.C.; IRVINE*, W.M.; MATTHEWS, H.E.
DETECTIONS OF 13C-SUBSTITUTED CgH, IN ASTRONOMICAL SOURCES.

ASTROPHYSICAL JOURNAL
311(1): L27-L31, 1986. (GWU 7546)

MADDEN, S.C.; IRVINE*, W.M.; MATTHEWS, H.E.; AVERY, L.W.
MULTI-LEVEL STUDY OF CgHo: THE FIRST INTERSTELLAR HYDROCARBON RING.

IN: SUMMER SCHOOL ON INTERSTELLAR PROCESSES (HOLLENBACH, D., THRONSON, H., EDS.).
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 155-156, 1986. (NASA-TM-88342)
(GWU 7547)

MADDEN, S.C.; IRVINE*, W.M.; MATTHEWS, H.E.; BROWN, R.D.;
GODFREY, P.D.

NEW INTERSTELLAR MASERS IN NONMETASTABLE AMMONIA.
ASTROPHYSICAL JOURNAL

300(2): L79-1.84, 1986. (GWU 7548)

MATTHEWS, H.E.; MADDEN, S.C.; AVERY, L.W.; IRVINE*, W.M.
THE CgH5 220-211TRANSITION: ABSORPTION IN COLD DARK CLOUDS.

ASTROPHYSICAL JOURNAL
307(2): L69-L73, 1986. (GWU 7552)

MATTHEWS, H.E.; IRVINE*, W.M.
OBSERVATIONS OF THE HYDROCARBON RING CgHo.

IN: MASERS, MOLECULES AND MASS OUTFLOWS IN STAR FORMING REGIONS
(HASCHICK, A.D., ED.).
CAMBRIDGE, MA: HAYSTACK OBSERVATORY, P. 1-8, 1986. (GWU 7555)
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SCHLOERB, F.P.; SNELL, R.L.; GOLDSMITH, P.F.; MORGAN, J.A.

(IRVINE, W.M. = P.L)

CO MAPPING OF THE ORION MOLECULAR CLOUD: THE INFLUENCE OF STAR FORMATION ON CLOUD
STRUCTURE.

IN: SUMMER SCHOOL ON INTERSTELLAR PROCESSES (HOLLENBACH, D., THRONSON, H., EDS.).
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 27-28, 1986. (NASA-TM-88342)
(GWU 7579)

SNELL, R.; MORIARTY-SCHIEVEN, G.; STROM, S.; SCHLOERB, P.; STROM, K.;
GRASDALEN, G. (IRVINE,W.M.=P.l.)

HIGH RESOLUTION OBSERVATIONS OF THE L1551 BIPOLAR OUTFLOW.

IN: SUMMER SCHOOL ON INTERSTELLAR PROCESSES (HOLLENBACH, D., THRONSON, H., EDS.).
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 5-6, 1986. (NASA-TM-88342)
(GWU 7584)

WOOTTEN, A.; BOULANGER, F.; BOGEY, M.; COMBES, F.; ENCRENAZ, P.J.; GERIN,
M.; ZIURYS, L. (IRVINE,W.M.=P.l.)
A SEARCH FOR INTERSTELLAR H30+.

ASTRONOMY AND ASTROPHYSICS
166: L15-L18, 1986. (GWU 7608)

ZIURYS, L.M.; TURNER, B.E. (IRVINE, W.M. = P.1.)

DETECTION OF VIBRATIONALLY EXCITED HCN IN ORION-KL AND IRC*+10216.
IN: MASERS, MOLECULES AND MASS OUTFLOWS IN STAR FORMING REGIONS
(HASCHICK, A.D., ED.).

CAMBRIDGE, MA: HAYSTACK OBSERVATORY, P. 23-29, 1986. (GWU 7609)

ZIURYS, L.M.; TURNER, B.E. (IRVINE, W.M.=P.l.)
DETECTION OF INTERSTELLAR VIBRATIONALLY EXCITED HCN.
ASTROPHYSICAL JOURNAL

300(1): L19-L23, 1986. (GWU 7610)

ZIURYS, L.M.; TURNER, B.E. (IRVINE,W.M.=P.l.)
HCNH+: ANEW INTERSTELLAR MOLECULAR ION.
ASTROPHYSICAL JOURNAL

302: L31-L36, 1986. (GWU 7611)

ZIURYS, L.M.; TURNER, B.E. (IRVINE, W.M. =P.l.)

NEW INTERSTELLAR MOLECULAR DETECTIONS: IMPLICATIONS FOR "SHOCK CHEMISTRY."
IN: ASTROCHEMISTRY (VARDYA, M.S., TARAFDAR, S.P., EDS.).

DORDRECHT, HOLLAND: D. REIDEL PUBLISHING CO., P. 289-292, 1986. (GWU 7612)



ZIURYS, L.M.; SNELL, R.L.; ERICKSON, N.R. (IRVINE,W.M.=P.L)
STUDIES OF INTERSTELLAR VIBRATIONALLY-EXCITED MOLECULES.

IN: SUMMER SCHOOL ON INTERSTELLAR PROCESSES (HOLLENBACH, D., THRONSON, H., EDS.).
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 153-154, 1986. (GWU 7622)
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ACEVEDO, O.L.; ORGEL*, L.E.

TEMPLATE-DIRECTED OLIGONUCLEOTIDE LIGATION ON HYDROXYLAPATITE.
NATURE

321:790-792, 1986. (GWU 7201)

ARAKAWA, E.T.; YOUNG, D.M.; ZHANG, J.M.; EKLUND, P.C.; KHARE*, B.N.;
THOMPSON, W.R.; SAGAN?, C.

OPTICAL CONSTANTS OF BASALTIC GLASS FROM 0.0173 TO 50 uM (ABSTRACT).
BULLETIN OF THE AMERICAN ASTRONOMICAL SOCIETY

18(3): 777, 1986. (GWU 7202)

ARAKAWA, E.T.; CLAPP, P.D.; CALLCOTT, T.A.; KHARE*, B.N.; SAGAN*, C.
REFRACTIVE INDICES OF LIQUID METHANE AND ETHANE (ABSTRACT).
BULLETIN OF THE AMERICAN PHYSICAL SOCIETY

31(3): 700, 1986. (GWU 7203)

ARRHENIUS*, G.; CAIRNS-SMITH, A.G.; HARTMAN*, H.; MILLER*, S.L.;

ORGEL* L.E.

REMARKS ON THE REVIEW ARTICLE "REPUCATION AND EVOLUTION IN INORGANIC SYSTEMS" BY
ARMIN WEISS.

ANGEWANDTE CHEMIE, INTERNATIONAL EDITION IN ENGLISH

25: 658, 1986. (GWU 7205)

BASILE, B.; MIDDLEDITCH, B.S.; ORO*, J.

THE ORIGIN OF POLYNUCLEAR AROMATIC HYDROCARBONS IN THE MURCHISON METEORITE
(ABSTRACT).

IN: 1986 SOUTHWEST REGIONAL MEETING, AMERICAN CHEMICAL SOCIETY, HOUSTON, TX,
NOVEMBER 19-21, P. 58, 1986. (GWU 7628)

BENEVIDES, J.M.; WANG, A.H.-J.; RICH*, A.; KYOGOKU, Y.; van der MAREL, G.A.;

van BOOM, J.H.; THOMAS, G.J., JR.

RAMAN SPECTRA OF SINGLE CRYSTALS OF R(GCG)D(CGC) AND (CCCCGGGG) AS MODELS FOR A
DNA, THEIR STRUCTURE TRANSITIONS IN AQUEOUS SOLUTION, AND COMPARISON WITH DOUBLE
HELICAL POLY(dG)POLY(dC).

BIOCHEMISTRY

25(1): 41-50, 1986. (GWU 7206)

BERRY, J.; ORO*, J.

RESULTS FROM HALLEY'S COMET: IMPLICATIONS FOR THE ORIGIN OF LIFE (ABSTRACT).
IN: 1986 SOUTHWEST REGIONAL MEETING, AMERICAN CHEMICAL SOCIETY, HOUSTON, TX,
NOVEMBER 19-21, P. 59, 1986. (GWU 7629)
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BHADRA, A.; PONNAMPERUMA®, C.

THE ROLE OF SULFUR IN PREBIOTIC CHEMISTRY.
ORIGINS OF LIFE

16(3-4): 287, 1986. (GWU 7630)

CHAN, S.; ORENBERG?, J.B.; LAHAV*, N.

SOLUBLE MINERALS IN CHEMICAL EVOLUTION. 1I. CHARACTERIZATION OF THE ADSORPTION OF
5-AMP AND 5'-CMP ON A VARIETY OF SOLUBLE MINERAL SALTS.

ORIGINS OF LIFE

17:22-35, 1986. (GWU 7631)

COLL, M.; WANG, A.H.-J.; van der MAREL, G.A.; van BOOM, J.H.; RICH*,A.

CRYSTAL STRUCTURE OF A Z-DNA FRAGMENT CONTAINING THYMINE/2-AMINOADENINE
BASE PAIRS.

JOURNAL OF BIOMOLECULAR STRUCTURE AND FUNCTION

4:157-172, 1986. (GWU 7632)

COYNE*, L.M.

CLAY ENERGETICS IN CHEMICAL EVOLUTION - SOLVATION/'DESOLVATION LUMINESCENCE OF
SOME ARTIFICIALLY AND NATURALLY HYDRATED KAOLINS.

ORIGINS OF LIFE

16(3-4): 371-372, 1986. (GWU 7213)

COYNE?*, L.M.; BANIN*, A.

EFFECT OF ADSORBED IRON ON THERMOLUMINESCENCE AND ELECTRON SPIN RESONANCE
SPECTRA OF Ca-Fe-EXCHANGED MONTMORILLONITE.

CLAYS AND CLAY MINERALS

34(6): 645-650, 1986. (GWU 7214)

DINARELLO, C.A.; CANNON, J.G.; MIER, J.W.; BERNHEIM, H.A.; LOPRESTE, G.;
LYNN, D.L.; LOVE, R.N.; WEBB, A.C.; AURON, P.E.; REUBEN, R.C.; RICH*, A.;
WOLFF, S.M.; PUTNEY, S.D.

MULTIPLE BIOLOGICAL ACTIVITIES OF HUMAN RECOMBINANT INTERLEUKIN 1.
JOURNAL OF CLINICAL INVESTIGATION

77:1734-1739, 1986. (GWU 7224)

ELLISON, M.J.; FEIGON, J.; KELLEHER, R.J.; WANG, A.H.-J.; HABENER, J.F.;
RICH*, A.

AN ASSESSMENT OF THE Z-DNA FORMING POTENTIAL OF ALTERNATING dA-dT STRETCHES IN
SUPERCOILED PLASMIDS.

BIOCHEMISTRY

25(12): 3648-3655, 1986. (GWU 7227)

FERRIS*, J.P.; HAGAN, W.J., JR.
THE ADSORPTION AND REACTION OF ADENINE NUCLEOTIDES ON MONTMORILLONITE.
ORIGINS OF LIFE
17:69-84, 1986. (GWU 7229)
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FERRIS*, J.P.; HUANG, C-H.; HAGAN, W.J., JR.

CLAYS AS PROTOTYPICAL ENZYMES FOR THE PREBIOLOGICAL FORMATION OF PHOSPHATE
ESTERS.

ORIGINS OF LIFE

16(3-4): 473-474, 1986. (GWU 7230)

FOX*, S.W.

DETERMINISTIC SELFORGANIZATION IN EVOLUTION.

IN: SELFORGANIZATION (FOX, S.W., EDS.)

GUILDERLAND, NY: ADENINE PRESS, P. 35-56, 1986. (GWU 7231)

FOX*, S.W.;

THE EVOLUTIONARY SEQUENCE: ORIGIN AND EMERGENCES.
AMERICAN BIOLOGY TEACHER

48(3): 140-169, 1986. (GWU 7232)

FOX*, S.W.

MOLECULAR SELECTION AND NATURAL SELECTION.
QUARTERLY REVIEW OF BIOLOGY

61(3): 375-385, 1986. (GWU 7233)

FOX*, S.W.

MOLECULAR SELECTION IN A UNIFIED EVOLUTIONARY SEQUENCE.

INTERNATIONAL JOURNAL OF QUANTUM CHEMISTRY: QUANTUM BIOLOGY SYMPOSIUM
13: 223-235, 1986. (GWU 7234)

GARAVELLI, J.S.; WEBER*, A.L.

COMPUTER MODEL OF A POLYRIBONUCLEOTIDE STRUCTURE WHICH MAY HAVE FUNCTIONED AS A
CATALYTIC ADAPTOR FOR PEPTIDE BOND SYNTHESIS.

ORIGINS OF LIFE

16(3-4): 522, 1986. (GWU 7497)

GOLDBLUM, A.; KIEBER-EMMONS, T.; REIN*, R.

AN IMPROVED APPROACH TO THE ANALYSIS OF DRUG-PROTEIN BINDING BY DISTANCE
GEOMETRY.

JOURNAL OF MOLECULAR STRUCTURE

134:415-428, 1986. (GWU 7498)

HARTMAN?*, H.; VICHNIAC, G.Y.

INHOMOGENEOUS CELLULAR AUTOMATA.

IN: DISORDERED SYSTEMS AND BIOLOGICAL ORGANIZATION (E. BIENESTOCK, F.
FOGELMAN, G. WEISBUCH, EDS.)

BERLIN, W. GERMANY: SPRINGER VERLAG, P. 53-57, 1986. (GWU 7551)
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HO, M.-W.; SAUNDERS, P.; FOX*, S.
A NEW PARADIGM FOR EVOLUTION.
NEW SCIENTIST

109(1497): 41-43, 1986. (GWU 7504)

HO, P.S.; ELLISON, M.J.; QUIGLEY, G.J.; RICH*, A.

A COMPUTER AIDED THERMODYNAMIC APPROACH FOR PREDICTING THE FORMATION
OF Z-DNA IN NATURALLY OCCURRING SEQUENCES.

EMBO JOURNAL

5:2737-2744, 1986. (GWU 7664)

HOLBROOK, S.R.; WANG, A.H.-J.; RICH*, A.; KIM, S.-H.

LOCAL MOBILITY OF NUCLEIC ACIDS AS DETERMINED FROM CRYSTALLOGRAPHIC DATA.
JOURNAL OF MOLECULAR BIOLOGY

187: 429-440, 1986. (GWU 7505)

HOLLAND*, H.D.; LAZAR, B.; MCCAFFREY, M.
EVOLUTION OF THE ATMOSPHERE AND OCEANS.
NATURE

320(6057): 27-33, 1986. (GWU 7515)

HUA, L.-L.; KOBAYASHI, K.; OCHIAI, E.-l.; GEHRKE, C.W.; GERHARDT, L.O.;
PONNAMPERUMA?®, C.

IDENTIFICATION AND QUANTIFICATION OF NUCLEIC ACID BASES IN CARBONACEOUS CHONDRITES.
ORIGINS OF LIFE

16(3-4): 226-227, 1986. (GWU 7634)

JOYCE, G.F.; ORGEL*, L.E.; MILLER*, S.L.

CHIRAL SELECTION IN TEMPLATE-DIRECTED RNA SYNTHESIS AND THE CASE FOR A PROCHIRAL
ANCESTOR OF RNA (ABSTRACT).

ORIGINS OF LIFE

16(3-4): 445, 1986. (GWU 7516)

JOYCE, G.F.; ORGEL*, L.E.

NON-ENZYMIC TEMPLATE-DIRECTED SYNTHESIS ON RNA RANDOM COPOLYMERS.
JOURNAL OF MOLECULAR BIOLOGY

188:433-441, 1986. (GWU 7521)

KANAVARIOTI, A. (WHITE, D.H.=P.l.)

KINETICS OF THE HYDROLYSIS OF GUANOSINE 5'-PHOSPHO-2-METHYLIMIDAZOLIDE.
ORIGINS OF LIFE

17:85-103, 1986. (GWU 7522)

KELLEHER, R.J., lil.; ELLISON, M.J.; HO, P.S.; RICH*, A.

COMPETITIVE BEHAVIOR OF MULTIPLE, DISCRETE B-Z TRANSITIONS IN SUPERCOILED DNA.
PROCEEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES, USA

83: 6342-6346, 1986. (GWU 7526)
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KERRIDGE*, J.F.; SHIPP, R.; CHANG*, S.

DEUTERIUM EXCHANGE DURING ACID-DEMINERALISATION.
LUNAR AND PLANETARY SCIENCE

XVII: 414-415, 1986. (GWU 7527)

KIEBER-EMMONS, T.; WARD, R.E.; RAYCHAUDHURI, S.; REIN*, R.; KOHLER, H.
RATIONAL DESIGN AND APPLICATION OF IDIOTOPE VACCINES.

INTERNATIONAL REVIEWS IN IMMUNOLOGY

1:1-26, 1986. (GWU 7530)

KOBAYASHI, K.; HUA, L.-L.; KNAACK, M.; GEHRKE, C.W.; GERHARDT, K.O.;
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